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SURFHVVHV ,Q RUGHU WR RYHUFRPH WKHVH OLPLWDWLRQV D K\EULGPDQXIDFWXULQJPHWKRGRORJ\ LV GHYHORSHG FRPELQLQJ WKH DGGLWLYH
PDQXIDFWXULQJ SURFHVV RI ODVHU EHDPPHOWLQJZLWK VKHHW IRUPLQJ SURFHVVHV:LWK DQ LQWHUHVW WRZDUGV DHURVSDFH DQGPHGLFDO
LQGXVWU\WKHPDWHULDOLQIRFXVLV7L$O9$OWKRXJK7L$O9LVDFRPPHUFLDOO\HVWDEOLVKHGPDWHULDODQGLWVDSSOLFDWLRQIRU
/%0 SURFHVV KDV EHHQ H[WHQVLYHO\ LQYHVWLJDWHG WKH FRPELQDWLRQ RI /%0 RI 7L$O9 ZLWK VKHHW PHWDO VWLOO QHHGV WR EH
UHVHDUFKHG3URFHVVG\QDPLFVVXFKDVKLJKWHPSHUDWXUHJUDGLHQWVDQGWKHUPDOO\LQGXFHGVWUHVVHVOHDGWRFRPSOH[VWUHVVVWDWHVDW
WKH LQWHUDFWLRQ ]RQH EHWZHHQ WKH VKHHW DQG/%0 VWUXFWXUH:LWKLQ WKH SUHVHQWHG SDSHUPHFKDQLFDO FKDUDFWHUL]DWLRQ RI K\EULG
SDUWVZLOO EH SHUIRUPHGE\ VKHDU WHVWLQJ7KH DVVRFLDWLRQ RI VKHDU VWUHQJWKZLWK SURFHVV SDUDPHWHUV LV IXUWKHU LQYHVWLJDWHGE\
DQDO\]LQJWKHLQWHUQDOVWUXFWXUHRIWKHK\EULGJHRPHWU\DWYDU\LQJHQHUJ\LQSXWVGXULQJWKH/%0SURFHVV,QRUGHUWRFRPSDUHWKH
K\EULGPDQXIDFWXULQJPHWKRGRORJ\ZLWK FRQYHQWLRQDO IDEULFDWLRQ WKH FRQYHQWLRQDOPHWKRGRORJLHV VXEWUDFWLYHPDFKLQLQJ DQG
VWDWH RI WKH DUW /DVHU %HDP 0HOWLQJ LV HYDOXDWHG ZLWKLQ WKLV ZRUN 7KHVH SURFHVVHV ZLOO EH DQDO\]HG IRU WKHLU PHFKDQLFDO
FKDUDFWHULVWLFV DQG SURGXFWLYLW\ E\ GHWHUPLQLQJ WKH EXLOG WLPH DQG UDZ PDWHULDO FRQVXPSWLRQ IRU HDFK FDVH 7KH SDSHU LV
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PHWDO SRZGHU KDV EHFRPH WKH OHDGLQJ $0 WHFKQRORJ\ LQ LQGXVWU\ 'DWD IRU /%0 LV SUHSDUHG E\ VOLFLQJ WKUHH
GLPHQVLRQDO &$' GHVLJQV LQWR VLQJOH KRUL]RQWDO OD\HUV DV WKH SDUW LV EXLOW OD\HU ZLVH 7KH RSHUDWLQJ SURFHGXUH
FRQVWLWXWHVDVIROORZV$SRZGHUOD\HUZLWKDW\SLFDOWKLFNQHVVRIPWRPLVKRPRJHQHRXVO\GLVWULEXWHGRQ
D IODWPHWDO VXEVWUDWH$UHDV RI WKH ODWHU EXLOG SDUW DUH VHOHFWLYHO\PHOWHG E\ D VFDQQLQJ ODVHU EHDP DQG WKHUHE\
FRQQHFWHG WR WKH VXEVWUDWH RU OD\HU ZLVH $IWHU LUUDGLDWLRQ WKH SODWIRUP LV ORZHUHG DQG D QHZ SRZGHU OD\HU LV
GLVWULEXWHGDQGPHOWHG7KHVHVWHSVDUHUHSHDWHGXQWLOWKHSDUWLVFRPSOHWHG7KHILUVWOD\HUVRIDW\SLFDO/%0EXLOG
FRQVWLWXWHV D VXSSRUW VWUXFWXUH IRUPLQJ D FRQQHFWLRQ EHWZHHQ WKH SDUW JHRPHWU\ DQG WKH VXEVWUDWH SODWH 6XSSRUW




XVHG WLWDQLXP DOOR\ ZRUOGZLGH >@:LWKLQ WKHPHGLFDO ILHOG LW LV IDYRUHG EHFDXVH RI LWV JRRG ELRFRPSDWLELOLW\









DSSURDFK 3RWHQWLDO DSSOLFDWLRQV RI VXFK D K\EULG PDQXIDFWXULQJ SURFHVV FKDLQ FRXOG EH WKH IDEULFDWLRQ RI
LQGLYLGXDOL]HG IXQFWLRQDO HOHPHQWV RQ IRUPHG VKHHW LQ WKH ILHOG RIPHGLFDO DQG DHURVSDFH LQGXVWU\7RGHYHORS D
VWUDWHJ\IRUVXFKDK\EULGSURFHVVFKDLQZKLFKFRXOGFRQVLVWRIHLWKHUILUVWODVHUEHDPPHOWLQJRQDIODWVKHHWDQG
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JXDUDQWHHDJRRG IORZDELOLW\RI WKH UHFRDWLQJRISRZGHU OD\HUVDQG WRREWDLQQRH[FHVVLYHK\GURJHQSRUHV LQ WKH
VROLGLILHG PDWHULDO ([SHULPHQWV DUH SHUIRUPHG RQ WKH /DVHU %HDP 0HOWLQJ PDFKLQH 6/0 +/ IURP 6/0
6ROXWLRQV *PE+  <WWHUELXP ILEHU ODVHU ZLWK D PD[LPXP SRZHU RI  : LV XVHG IRU WKH H[SHULPHQWV 7R
LQYHVWLJDWHWKHLQIOXHQFHRIWKH/DVHU%HDP0HOWLQJSURFHVVSDUDPHWHUVRQWKHSURSHUWLHVRIWKHFRQQHFWLRQEHWZHHQ





:LWKLQ SUHYLRXV ZRUN WKH PHFKDQLFDO FKDUDFWHULVWLFV RI /%0 7L$O9 SRZGHU DV ZHOO DV WKH XWLOL]HG
7L$O9 VKHHW ZLWK PP WKLFNQHVV KDYH EHHQ LQYHVWLJDWHG 7KHUHE\ WKH FDSDELOLW\ RI /%0 IRU WKH
PDQXIDFWXULQJRIKLJKO\GHQVHSDUWVZLWKDXOWLPDWHWHQVLOHVWUHQJWKXSWR876 03DKDVEHHQSUHVHQWHGE\
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%HIRUHPHFKDQLFDO WHVWLQJ KHDW WUHDWPHQWZDV SHUIRUPHG RQ WKH K\EULG DVZHOO RQ WKH IXOO\ DGGLWLYH VDPSOHV
DFFRUGLQJWR9UDQFNHQHWDO>@7KHVDPSOHVZHUHKHDWHGXSLQKWR&DQGKHOGKDWWKLVWHPSHUDWXUH
$IWHUZDUGVWKHVDPSOHVZHUHFRROHGGRZQLQWKHIXUQDFH9UDQFNHQHWDO>@UHSRUWHGWKDWWKLVKHDWWUHDWPHQWZKLFK
ZDV DGMXVWHG WR WKH/DVHU%HDP0HOWLQJSURFHVV VLJQLILFDQWO\ LPSURYHV WKHPHFKDQLFDO SURSHUWLHVRI/%0EXLOW
SDUWV
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YLVXDOL]HG LQ )LJ  E )URP WKH DQDO\]HG SDUDPHWHU VHW LW LV IXUWKHU REVHUYHG WKDW D ORZHU RU KLJKHU HQHUJ\















FRPSDUH PHFKDQLFDO FKDUDFWHULVWLFV RI K\EULG PDQXIDFWXUHG WR FRQYHQWLRQDO PDQXIDFWXUHG SDUWV VDPSOHV DUH
IDEULFDWHGXVLQJ FRQYHQWLRQDO SURFHVVHV)LUVW RI DOO SDUWV DUH IDEULFDWHG VXEWUDFWLYHO\E\PDFKLQLQJD7L$O9
SODWH PDWHULDO )XUWKHU FRQYHQWLRQDO DGGLWLYHO\ PDQXIDFWXUHG VDPSOHV LQ WKUHH GLIIHUHQW EXLOG RULHQWDWLRQV WR



















WKH FRPSOHWH DGGLWLYHO\ PDQXIDFWXUHG VSHFLPHQV LW LV REVHUYHG WKDW WKH K\EULG VKHDU ERQG VWUHQJWK RI YHUWLFDO
VDPSOHV LV KLJKHU WKDQ WKDW RI WKH GLDJRQDO DQG KRUL]RQWDO VDPSOHV 7KLV LV FRQWUDU\ WR WKH DQLVRWURSLF EHKDYLRU
REVHUYHG IRU WHQVLOH VWUHQJWKV LQ DGGLWLYHO\PDQXIDFWXUHG VDPSOHV $V WKH IRFXV RI WKLV SDSHU FRQVWLWXWHV K\EULG
SDUWV WKHSUHVHQWHG DQLVRWURS\RI FRQYHQWLRQDO DGGLWLYHO\PDQXIDFWXUHGSDUWVZLWK UHVSHFW WR VKHDUERQG VWUHQJWK
ZLOOEHIXUWKHULQYHVWLJDWHGLQIXWXUH
,QRUGHUWRGHWHUPLQHWKHUHDVRQVIRUK\EULGVKHDUERQGVWUHQJWKGLIIHUHQFHZLWKLQWKHLQYHVWLJDWHGPDQXIDFWXULQJ
WHFKQRORJLHV DQG WR EHWWHU XQGHUVWDQG WKH LQWHUDFWLRQ EHWZHHQ WKH VKHHW DQG DGGLWLYH VWUXFWXUH PLFURVWUXFWXUDO
DQDO\VLVRIWKHLQWHUDFWLRQ]RQHLVSHUIRUPHG7KLVLVSUHVHQWHGLQ)LJ,W LVREVHUYHGWKDWWKHUHLVDVLJQLILFDQW
LQWHUDFWLRQ ]RQH EHWZHHQ WKH LQLWLDO VKHHW DQG WKH DGGLWLYH HOHPHQW5HVXOWLQJPLFURVWUXFWXUDO FKDQJHVZLWKLQ WKH
LQLWLDO VKHHWPHWDO DUH FDXVHGE\ HQHUJ\ LQSXWGXULQJ ODVHU LUUDGLDWLRQ&RPSDULQJ WKH LQYHVWLJDWHGPDQXIDFWXULQJ
WHFKQRORJLHV WKLV LQWHUDFWLRQ ]RQH LV VLJQLILFDQWO\ GLIIHUHQW :KLOH FRPSOHWH DGGLWLYH PDQXIDFWXULQJ DV ZHOO DV
PDFKLQLQJOHDGWRDKRPRJHQHRXVPLFURVWUXFWXUHWKLVLVQRWWKHFDVHIRUK\EULGPDQXIDFWXUHGSDUWV$OWKRXJKWKH
SODWIRUPLVKHDWHGWRDWHPSHUDWXUHRI&WKHUHLVVWLOODKLJKWHPSHUDWXUHJUDGLHQWEHWZHHQWKHWRSVXUIDFHRIWKH
VKHHWPHWDODQG WKH ILUVW OD\HUVRI WKHDGGLWLYH VWUXFWXUH7RTXDQWLI\ WKH LQWHUDFWLRQ]RQH ODVHUSHQHWUDWLRQGHSWK
݀௅௉஽LV GHILQHG DVSDUDOOHO GLVWDQFHEHWZHHQ VKHHW VXUIDFH DQGPHWDOOXUJLFDO WUDQVIRUPDWLRQ ]RQHZLWKLQ WKH VKHHW
VWUXFWXUH FDXVHG E\ ODVHU LUUDGLDWLRQ 6SHFLPHQVPDQXIDFWXUHGZLWK SDUDPHWHU VHW$ DUH FKDUDFWHUL]HG E\ D ODVHU
SHQHWUDWLRQ GHSWK RI݀௅௉஽  P VSHFLPHQ% E\ ݀௅௉஽  P DQG VSHFLPHQ& E\ ݀௅௉஽  P )RU
VSHFLPHQ$WKHUHH[LVWVQHLWKHUDVLJQLILFDQWSHQHWUDWLRQGHSWKQRUDVLJQLILFDQWLQWHUDFWLRQ]RQHZLWKLQWKHDUHDRI
WKHLQLWLDOVKHHW:KHUHDVQRWDEOHSHQHWUDWLRQGHSWKFDQEHSRLQWHGRXWIRUVSHFLPHQ%7KHKLJKHVWLQIOXHQFHZLWKLQ














































KLJK SRURVLW\ ZLWKLQ WKH DGGLWLYH HOHPHQW ,Q FRQWUDVW WR WKDW FUDFNLQJ RI VSHFLPHQ% VWDUWV EHWZHHQ VKHHW DQG
IXQFWLRQDOHOHPHQWLQRULHQWDWLRQWRWKHVKHHWVXUIDFH)XUWKHUFUDFNHYROXWLRQRFFXUVZLWKLQWKHVKHHW7KHKHDW
HIIHFWHG]RQHEHWZHHQ VKHHWPHWDO DQGDGGLWLYH VWUXFWXUH OHDGLQJ WRKLJKPLFURVWUXFWXUDO LQKRPRJHQHLW\FRXOGEH
DUJXHG DV WKH SRVVLEOH UHDVRQ IRU ORZHU VKHDU VWUHQJWK RI K\EULG VWUXFWXUHV LQ FRPSDULVRQ WR WKH FRQYHQWLRQDOO\
PDQXIDFWXUHG VWUXFWXUHV )RU VSHFLPHQ& FUDFNLQJ RULHQWDWLRQ DQG GHYHORSPHQW LV FRPSDUDEOH WR VSHFLPHQ%
1HYHUWKHOHVVIRUWKLVSDUDPHWHUVHWWKHDEVROXWHYDOXHRIVKHHUERQGVWUHQJWKLVUHGXFHGWRDERXWFRPSDUHGWR
VSHFLPHQ% 7KLV GLIIHUHQFH FDQ EH DUJXHG GXH WR SRUHVZLWKLQ WKH VKHHWPHWDO ZKLFK DUH FDXVHG E\ KLJK ODVHU





5.1. Sustainability and productivity of manufacturing of hybrid parts 





7KH EXLOG WLPH IRU DGGLWLYH DQG K\EULG LV FDOFXODWHG E\ FRPELQLQJ WKH UHFRDWLQJ WLPH IRU HDFK OD\HU DQG WKH
VFDQQLQJ WLPHIRU WKHYROXPHIROORZLQJH[SHULPHQWDO LQYHVWLJDWLRQV7KHVFDQQLQJ WLPH LVFDOFXODWHGXVLQJDVFDQ
VSHHGRI PP  VHF IURP WKH SURFHVVSDUDPHWHU VHW%7KH FXUUHQW FDOFXODWLRQ LV GRQH IRU IDEULFDWLQJRQO\ D
VLQJOH VWUXFWXUHZLWK WKH WHVWLQJJHRPHWU\ SUHVHQWHGZLWKLQ WKLV SDSHU LQ)LJ 7KLV LQFOXGHV DQ DUHDZLWK VKHHW
GLPHQVLRQRIPP[PP[PPDQGDF\OLQGULFDOHOHPHQWZLWKDGLDPHWHURIG PPDQGDKHLJKWRI
 PP 7KH FDOFXODWLRQ DOVR FRQVLGHUV D VXSSRUW VWUXFWXUH RI PP IRU FRQYHQWLRQDO DGGLWLYHPDQXIDFWXULQJ
KRZHYHUWKHUHLVQRQHHGIRUVXSSRUWVWUXFWXUHVLQWKHFDVHRIK\EULGPDQXIDFWXULQJ7KHUDZPDWHULDOFRQVXPSWLRQ
IRUVXEWUDFWLYHPDFKLQLQJLVEDVHGRQWKHFDOFXODWLRQWKDWRQO\RIWKHLQLWLDOEXONPDWHULDOUHVXOWVLQWKHILQDOSDUW
YROXPH )RU UDZPDWHULDO FRQVXPSWLRQ LQ WKH FDVH RI K\EULG DQG DGGLWLYH SURFHVVHV D PDWHULDO ZDVWDJH LV
DVVXPHG$OVRWKHIDEULFDWLRQRIVXSSRUWVWUXFWXUHVLVFRQVLGHUHGIRUEXLOGWLPHDQGUDZPDWHULDOHVWLPDWH)RUWKH
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EXLOG WLPH HVWLPDWLRQ WKH VHWXS WLPH LV QRW FRQVLGHUHG IRU DQ\ PHWKRGRORJ\ 1HYHUWKHOHVV LQ D SUDFWLFDO
HQYLURQPHQW PDQXIDFWXULQJ WLPH FRXOG LPSURYH LI PXOWLSOH VWUXFWXUHV ZLWK LQGLYLGXDOL]HG GHVLJQV DUH IDEULFDWHG
XVLQJK\EULGRUDGGLWLYHPHWKRGRORJLHV7KLVKRZHYHUPD\QRWEHWKHFDVHIRUVXEWUDFWLYHPDQXIDFWXULQJ$OVRIRU
FRPSOH[GHVLJQVWKHK\EULGDQGDGGLWLYHPDQXIDFWXULQJZRXOGKDYHDQDGYDQWDJHIRUWKHVHWXSWLPH$VWKHUHZRXOG
QRWEHDQ LQFUHDVH LQ WKH UHFRDWLQJ WLPH IRUPXOWLSOHSDUWV LWZRXOGDOVREHDQDGYDQWDJHZKHQPXOWLSOHDGGLWLYH










)URP WKH DERYH SUHVHQWHG GDWD LW FDQ EH REVHUYHG WKDW WKH K\EULG PDQXIDFWXULQJ SURFHVV KDV D VLJQLILFDQW
DGYDQWDJHRYHUVWDQGDUGDGGLWLYHPDQXIDFWXULQJSURFHVVERWKLQWKHFDVHRIUDZPDWHULDODQGEXLOGWLPH6LJQLILFDQW
UHGXFWLRQRI UDZPDWHULDOFRQVXPSWLRQ LVREVHUYHG LQFRPSDULVRQ WR WKHVXEWUDFWLYHPDFKLQLQJSURFHVV$OWKRXJK
WKHEXLOG WLPH LVKLJKHUFRPSDUHG WR WKH VXEWUDFWLYHSURFHVVHV LW VKRXOGEHQRWHG WKDW WKH VHWXS WLPHZRXOGEHD
VLJQLILFDQWDGYDQWDJHIRUK\EULGSURFHVVZKHQFXVWRPL]HGVWUXFWXUHVZLWKDFRPSOH[GHVLJQDUHFRQVLGHUHG
7KH DERYH SUHVHQWHG SURGXFWLYLW\ FRPSDULVRQ JLYHV XV DQ LQGLFDWLRQ RI WKH HFRQRPLF DQG VXVWDLQDELOLW\








EHHQ SUHVHQWHG 7KH IRFXV RI WKH LQYHVWLJDWLRQV KDYH EHHQ IXQGDPHQWDO UHVHDUFK EDVHG RQ PDQXIDFWXULQJ RI
IXQFWLRQDO HOHPHQWV RQ 7L$O9 VKHHW PHWDO ZLWK D WKLFNQHVV RI ଴  PP 7KHUHE\ GLIIHUHQW SURFHVV
SDUDPHWHUVIRUWKHODVHUEHDPPHOWLQJSURFHVVKDYHEHHQLQYHVWLJDWHG7RHYDOXDWHWKHTXDOLW\RIK\EULGSDUWVFURVV
VHFWLRQV DQG PHFKDQLFDO FKDUDFWHULVWLFV RI WKHVH SDUWV KDYH EHHQ GLVFXVVHG )XUWKHU WKHVH UHVXOWV KDYH EHHQ
FRPSDUHG WR FRQYHQWLRQDOO\ DGGLWLYH PDQXIDFWXUHG SDUWV DV ZHOO DV PDFKLQHG SDUWV ZLWK LGHQWLFDO VSHFLPHQ
JHRPHWU\$VDUHVXOWLWKDVEHHQSRLQWHGRXWWKDWODVHUEHDPPHOWLQJRIIXQFWLRQDOHOHPHQWVRQLQLWLDOVKHHWPHWDOLV
KLJKO\ GHSHQGHQW RQ WKH FKRVHQ SURFHVV SDUDPHWHUV 3RURVLW\ FDQ EH UHGXFHG VLJQLILFDQWO\ E\ LPSURYHG DQG
DGYDQFHGVHOHFWLRQRI WKHSDUDPHWHUV ODVHUSRZHUDQGVFDQQLQJVSHHG%\FRPSDULQJWKHVKHDUERQGVWUHQJWKRID
K\EULGSDUWZLWKSXUHO\DGGLWLYHDQGPDFKLQHGSDUWVLWKDVEHHQSUHVHQWHGWKDWK\EULGSDUWVDUHFKDUDFWHUL]HGE\KLJK
VWUHQJWK 7KH K\EULG VKHDU ERQG VWUHQJWK RI K\EULG SDUWV LV UHDFKLQJ DERXW  RI WKH VWUHQJWK RI PDFKLQHG




7KH DXWKRUV ZRXOG OLNH WR DFNQRZOHGJH WKH VXSSRUW SURYLGHG IRU SURMHFW % E\ ')* WKH *HUPDQ 5HVHDUFK
)RXQGDWLRQ XQGHU WKH FROODERUDWLYH UHVHDUFK FHQWHU &5&  ± $GGLWLYH 0DQXIDFWXULQJ )XWKHU WKH DXWKRUV
JUDWHIXOO\DFNQRZOHGJHIXQGLQJRIWKH(UODQJHQ*UDGXDWH6FKRROLQ$GYDQFHG2SWLFDO7HFKQRORJLHV6$27E\WKH
*HUPDQ5HVHDUFK)RXQGDWLRQ')*LQWKHIUDPHZRUNRIWKH*HUPDQH[FHOOHQFHLQLWLDWLYH:RUNLVSHUIRUPHGZLWK
 Adam Schaub et al. /  Physics Procedia  83 ( 2016 )  797 – 807 807
WKH VXSSRUW RI WKH0LQLVWU\RI(GXFDWLRQ DQG6FLHQFHRI WKH5XVVLDQ)HGHUDWLRQGHFUHH1 VWDWH FRQWUDFW1R
=
5HIHUHQFHV
>@*HEKDUGW$*HQHUDWLYH)HUWLJXQJVYHUIDKUHQ$GGLWLYH0DQXIDFWXULQJXQG''UXFNHQIU3URWRW\SLQJ7RROLQJ3URGXNWLRQ0QFKHQ
&DUO+DQVHU9HUODJ*PE+	&R.*
>@/WMHULQJ*:LOOLDPV-&7LWDQLXP(QJLQHHULQJPDWHULDOVDQGSURFHVVHV%HUOLQ6SULQJHU
>@0DWHQD-3HWHUVHQ6HWDO6/03URGXFHG3RURXV7LWDQLXP,PSODQW,PSURYHPHQWVIRU(QKDQFHG9DVFXODUL]DWLRQDQG2VWHREODVW6HHGLQJ.
,QWHUQDWLRQDO-RXUQDORI0ROHFXODU6FLHQFHVYROXPH1RSS
>@$KXMD%6FKDXE$HWDO'HYHORSLQJ/%03URFHVV3DUDPHWHUVIRU7L$O97KLQ:DOO6WUXFWXUHVDQG'HWHUPLQLQJWKH&RUUHVSRQGLQJ
0HFKDQLFDO&KDUDFWHULVWLFV.3K\VLFV3URFHGLDYROXPHSS
>@6FKDXE$-XHFKWHU9HWDO&KDUDFWHUL]DWLRQRIK\EULGFRPSRQHQWVFRQVLVWLQJRI6(%0DGGLWLYHVWUXFWXUHVDQGVKHHWPHWDORIDOOR\7L
$O9..H\(QJ0DWHUYROXPHSS
>@',1(1,626SHFLILFDWLRQDQGTXDOLILFDWLRQRIZHOGLQJSURFHGXUHVIRUPHWDOOLFPDWHULDOV:HOGLQJSURFHGXUHWHVW3DUW
(OHFWURQDQGODVHUEHDPZHOGLQJ,62'HXWVFKHV,QVWLWXWIU1RUPXQJH9%HXWK%HUOLQ
>@$KXMD%6FKDXE$HWDO+LJKSRZHUODVHUEHDPPHOWLQJRI7L$O9RQIRUPHGVKHHWPHWDOWRDFKLHYHK\EULGVWUXFWXUHVLQ3URFRI
63,(HGLWHGE\+HOYDMLDQ+3LTXp$:HJHQHU0*X%YROXPH1R,VVXH
>@9UDQFNHQ%7KLMV/HWDO+HDWWUHDWPHQWRI7L$O9SURGXFHGE\6HOHFWLYH/DVHU0HOWLQJ0LFURVWUXFWXUHDQGPHFKDQLFDOSURSHUWLHV.
-RXUQDORI$OOR\VDQG&RPSRXQGVYROXPHSS
>@7KRPDV'7KH'HYHORSPHQWRI'HVLJQ5XOHVIRU6HOHFWLYH/DVHU:DOHV8QLYHUVLW\RI:DOHV


